Disaggregating residential water use into components for indoor and outdoor use is useful in view of water services planning and demand management campaigns, where outdoor use is often the target of water restrictions. Previous research has shown that individual end-use events can be identified based on analysis of the flow pattern at the water meter, but such studies are relatively complex and expensive. A basic method to disaggregate the indoor-outdoor water use would be useful.
INTRODUCTION Background
Household water use consists of various indoor and outdoor components. Usually the outdoor water uses are not disposed of via the sewer system (Butler ) 
OBJECTIVE
If wastewater flow volume (outflow) could be compared to the total water use (inflow) volume, the outdoor use could be estimated by incorporating specific assumptions as set out in this paper. The research objective was to estimate outdoor water use by investigating the difference between the total water supplied into a specific district metered area and the wastewater flow from the same area, over a specific time interval.
APPROACH
Monthly water meter readings are often recorded and are available for research purposes in South Africa ( Jacobs & Fair ) . The monthly water use is actually recorded and used for billing consumers. In this study the water use of residential properties in a gated community (GC) and the total bulk supply to the same area was obtained from water meters. Pumping records could be obtained for the wastewater pump station to which all the properties in the study area drain and were used to derive the wastewater flow from the same area.
The derived wastewater flow was used to estimate the indoor and outdoor water use components of all the homes in the study site combined -no attempt was made to investigate individual homes. Of course, the water meter only provides the total water use to a household, which would include the indoor use, outdoor use and also plumbing leaks on the property. Employing the wastewater flow as a means to disaggregate indoor and outdoor use proved useful and relatively inexpensive.
STUDY SITE
The residential area investigated was a GC, located in the Western Cape province, South Africa. The study site location is shown by the highlighted area in Figure 1 . The GC consists of 371 individual properties, or plots, which primarily range in size from 400 to 1,200 m 2 . During the last year of the study 338 plots were developed and occupied.
The study site also included the following non-residential consumers: the management offices, a clubhouse, tennis and squash courts, a gymnasium, swimming pool and a putting course.
All homes are serviced with potable water and a small bore wastewater collection system, also called solids-free sewers (Little ). Small bore sewers have relatively low extraneous flows, potentially resulting in wastewater flow from a study site with small bore sewers more accurately representing indoor use than for conventional gravity sewers. The wastewater system in the study area drains to a single wastewater pump station, for which telemetry data were available. A separate stormwater drainage system collects and drains rainwater and surface runoff in the study area. In this study small bore sewers reduced the number of unknowns because wet weather flow is limited. However, it would be possible to extend the work to regions with gravity sewers. Wet weather flow events would be identified, and infiltration rates would be estimated from available rainfall records; alternatively the data could be recorded during dry periods.
Potable water is supplied to the study area by the water service provider via one bulk supply connection, with water use recorded by a magnetic flow water meter coupled to a GSM-based data logger. The study site was confirmed to be discrete with no cross boundary connections. Communal landscaped areas in the study site were irrigated by a nonpotable private borehole and dual supply system. Private home gardens were irrigated with potable water, supplied to each home by the service provider via the water distribution system. No on-site storage is available -all water supplied to the study site via the potable pipe network was used in the study site, and wasted water would flow away under gravity via the piped wastewater system. Each property in the study area had a water and sewer connection.
DATA ACQUISITION Water use
The bulk water supply and wastewater pumping records of the study site were acquired. The bulk water meter readings 
Pumping records and pump station dimensions
The wastewater flow from the study site was derived by con- The pump sump volume was physically determined to be 1.57 m 3 . Determining the additional inflow volume required a few assumptions, because the wastewater inflow rate was not measured during the field experiment. The initial average wastewater inflow rate was determined by considering the pump event duration of 3 minutes and the known pump sump volume. An iterative procedure was employed to obtain a final estimate of the inflow rate, but an assumption had to be made regarding the wastewater inflow duration -inflow to the pump sump was assumed to be directly linked to water use. Water use (and thus wastewater inflow) during the period 2300-0500 h was relatively insignificant compared to the use over the remaining period of the day. The inflow volume that occurred during a pump event was thus determined to be 0.32 m 3 per event, by considering inflow over an 18 h day. The total pump event volume was thus found to be 1.89 kL/event.
ANALYSES RESULTS
Water use and seasonal pattern 
Analysis of wastewater pumping records
The number of pump events were lifted from the data set and converted to monthly average volume -in order to match the flow to the monthly water use. For the purpose of this research, wastewater flow volume was assumed to directly represent indoor water use. The average monthly waste water flow is illustrated in Figure 3 .
Water leakage and losses
A study by Knox () assessed the water losses in the distribution systems of two GCs, one of which included the study site for this paper. Accurate water balances for the two GCs were developed and analysed by Knox () by comparing household water meters with a totalling bulk water meter. It was found that the majority of the water losses in both the distribution systems were attributed to the physical leakage, with low levels of apparent loss.
Non-revenue water in the study area was determined to range between 6% and 12% during 2012 and 2013, with an average of 7% found during a detailed water balance conducted with the 2013 data. The non-revenue water was assumed to approximate real losses, because no unbilled authorised consumption was reported in the study area.
Also, apparent losses are influenced by the presence of unlawful pipe connections, water meter accuracy and age, and the effectiveness of data transferral. As the study site is a relatively small and well managed, high-income area inside a GC, the apparent losses were negligible, with the 7% thus ascribed exclusively to real losses. These real losses in the distribution system were subtracted from the bulk inflow readings during the analyses.
Water use components
All data sets were superimposed so that the bulk water supply to the study site could be compared to the indoor and outdoor water use components, assuming that the wastewater flow approximates indoor use. The system input volume (average bulk water supply) and wastewater flow are presented in Figure 4 , with the losses and nondomestic components also added.
The results were recalculated exclusively for the indoor and outdoor components, thus excluding water loss and non-domestic use not returned to the sewer (Table 1) .
DISCUSSION
The results show that outdoor water use contributed notably to the total household water use in the study area. Indoor water use remained fairly constant throughout the year, while outdoor water use varied significantly and followed a seasonal pattern. It is worth noting that no water restrictions were in place in the study area during this investigation.
In the study site it is expected that outdoor water use predominantly consists of garden irrigation, because from inspection of the aerial photography no private swimming pools were present (a communal pool facility is available to all residents). The notable variation of outdoor water use by season is ascribed to garden irrigation that is a function of seasonal parameters such as rainfall, evaporation and transpiration. Outdoor water use made up 73% of the domestic water use during the peak summer month (December) Figure 4 | Derived water use components of the study site.
